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ABSTRACT 

We apply current algebra techniques to study threshold pion production 

induced by the weak neutral current. We find that the Argonne data for thres- 

hoid r-p production are in strong disagreement with the predictions of both 

the SU(2) @U(l) gauge model and the “baryon current” model for the neutral 

current. Indeed, it seems unlikely that any hadronic neutral current formed 

from the usual vector and axial-vector current nonets can explain the 

Argonne observations, suggesting that new coupling types may be present. 

The initial experiments discovering weak neutral currents in high 

energy deep inelastic neutrino reactions’ have now been supplemented with 

the observation of neutral current effects in low energy neutrino pion produc- 

tion. 2’ 3 We focus here on a particular aspect of the new data, the observation 

at Argonne of a large cross section for threshold pion production in the 
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2 
reaction v + n - v + n t p. This surprising feature is an open invitation 

P P 

to apply current-algebra soft-pion techniques, which are capable of giving a 

good description of threshold pion production processes. In this letter we 

briefly describe the methods used in making such an analysis, and sum- 

marize the results obtained. 

We begin by giving a simple analytic treatment of threshold pion 

production, which although somewhat naive, illustrates the basic ideas which 

we exploit in our more careful numerical calculations. According to standard 

4 
soft pion lore. the amplitude for the pion emission process f % t n - T’ 

with a,~ hadronic states and 
9 

an external current, is given as the sum 

of tw.0 terms. The first consists of a sum of external line insertions in 

which the pion n j 1s emitted from the external hadronic lines of the pion- 

less process 
B 

t a -p, while the second is an equal time commutator term 

proportional to the amplitude for the reaction 
t 

’ t a -p, with 
8’ 

the modi- 

fied current obtained from the commutator 2’ = [ Ff, 8] . In the case of 

neutral current weak pion production, the current 2 is of course the 

hadronic weak neutral current and the states 0, p are each a single free 

nucleon. For simplicity, let us restrict ourselves for the moment to cases 

in which the equal time commutator term vanishes, as occurs, for example, 

if the current 
9 

is an isoscalar V, A structure containing an arbitrary 

linear combination of $,,“, !?l, ?:“, 9:‘“. ’ The pion emission amplitude 

then consists entirely of the external line insertion terms. Evaluating these 

terms at threshold (where the insertion on the outgoing nucleon line 

vanishes) and neglecting the pion mass in a.11 kinematics, we find the 
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following relation between threshold pion production and neutrino proton 

elastic scattering, 

du(v t N --v+ivtn’) 

d(k’) dW 
threshold ll 

x (I+ 3 li d-+yk;) “tp) . 

N (1) 

Here M N, Mli are the nucleon and pion mass, W is the mass of the final rr’N 

isobar and Iq 1 is the pion momentum in the isobaric rest frame. k 
2 

is the 

leptonic squared four-momentum transfer (space-like k2 ‘O)> g = 13. 5 is 
r 

the pion-nucleon coupling constant, and the isospin matrix element a takes 

the values Ia 1 = 42 for n’ = TT l , (al = 1 for n’ = 77’. The significance of 

Eq. (1) is that it allows one to translate an upper bound on the cross section 

for Y + p - Y t p into an upper bound on the strength of threshold pion 
7 P 

production by the weak neutral current. 

As we have already suggested, the above derivation is t oo naive in a 

number of respects. First of all, the external line insertion terms are rapidly 

varying pole terms, and so the kinematic approximation of neglecting Mn 

in calculating them is dangerous. Secondly, by considering only cases in 

which the equal time commutator term 
8’ 

vanishes. we exclude from 

consideration such processes as n- production in the SU(2) @ U(1) gauge 

model. And finally, it is important to estimate the leading O(q) corrections 

to the soft pion approximation, and to calculate the effects in the threshold 

region of the tail of the (3, 3) resonance. We deal with these problems by 
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using an extended version of a model for weak pion production which we havz 

described in detail elsewhere. 
6 

In its original form, the model included the 

rapidly varying pole terms and the resonant (3. 3) multipoles, with no kine- 

matic approximations. The extensions consist of adding subtraction constants 

(in the dispersion theory sense) to the non-Born terms of the model, which 

guarantee that it satisfies the relevant soft pion theorems and which include 

the leading corrections (of first order in the pion four-momentum q and 

zeroth order in the lepton four-momentum transfer k) to the soft pion limit. 

These latter corrections are calculated by the method of Low’ and Adler and 

Dothan’; for the vector current amplitude they vanish, while for the isovector 

axial-vector amplitude they are related by PCAC to momentum derivatives 

of the pion-nucleon scattering amplitude at the crossing symmetric point. 

Fbr an isoscalar axial-vector current the order q corrections cannot be 

precisely calculated. but an heuristic resonance dominance argument sug- 

gests that they should be much smaller than in the isovector axial-vector 

case. 

We give now the results of numerical calculations using the extended 

model in various cases. (1)Isoscalar vector neutral current. For the form 

factors in this case we take, for definiteness, a dipole formula with charac- 

teristic mass MN, 

2MNF;(k2) = pF:(k’) . Fls(k2)/Fls(0) = (1 + k2/M; )-2. (2) 

Assuming the 95% confidence bound’ 

a(vp f p -V/p) 5 0. 32a(vptn - Il-+P) . (3) 

we find that the cross section for VP t n - Y 
P 

t r-t p, with n-p invariant 
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mass W between 1080 and 1120 MeV, is bounded by8 

O- 32u(“P+ * - p-t p) X u(vPt n - vPtn-tp)/u(vPtp - vptp) 

(4) 

= fio-41cm2 X (0.0598 t 0. 0239~ t 0. 0291p2)/ (0. 348 t 0. 0223p t 0. 0288p’) 

<1.0x10 
-41 2 

cm . 

The Argonne experiment observes 5 events in the same mass range, 

corresponding to a cross section of 22 x10 
-41 cm2 

. If the bound of Eq. (3) 

is improved, the discrepancy will of course get proportionately worse. [We 

find in this case that the naive form of the low energy theorem in Eq. (1) is 

reasonably good, predicting a bound one-half as large as that of Eq. (4) .9] 

(2) Weinberg-Salam SU(2) @ U(1) Model. In the eimplest, one parameter 

version of this model, the neutral current has the form 

9; = “; - 3;” - 2x@ + 3-‘3;) t A)" , x I sin20 
W’ (5) 

with ABA an isoscalar V-A strangeness and “charm” current contribution 

which is conventionally assumed to couple only weakly to non-strange low 

mass hadrons. Neglecting A$” for the moment, we can make an absolute 

prediction of the cross section for vP+n - VP+ n-t p. The result, plotted in 

Fig. 1 together with the Argonne events, is evidently much too small in the 

region near threshold - the predicted cross section for w-p invariant mass 

W between.1080 and 1120 MeV is only“O.80 x 10 
-41 cm2 

, a factor of 28 smaller 

than the experimental result. By way of contrast, in Fig. 2 we compare the 

pred&tions of our model with the Argonne results for the charged current 
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reaction VP+ p - p-t n+t p. The predicted cross section for ~+p invariant 

mass W between 1080 and 1120 MeV is 7.1 X10 
-41 2 

cm , III good agreement 

with the observed cross section of 9.3 x10 
-41 cmz 

In certain extensions of the original Weinberg-Salam model, the 

neutral current has the general form of Eq. (5), but with an adjustable 

strength parameter in front. We can test this two-parameter form by the 

method of comparison with the reaction vPt p - vP+ p used above. Again 

neglecting A.$ and assuming Eq. (3), we find that the cross section for 

Y in- 
P 

up+ n-t p with v-p invariant mass W between 1080 and 1120 MeV 

is bounded over the whole range of parameters by 
a 

10 
-41 

cm2 x (0.486 - 1.12 x + 0.920~‘) /(O. 202 -.O. 588x + 0. 706x’) (6) 

< 2.7~10 
-41 cm2 

, - 

about a factor of 8 smaller than observed. Any improvements in the bound 

of Eq. (3) will, as before, increase the discrepancy proportionately. 

Finally, let us examine whether the neglected isoscalar contribution A 8” 

can eliminate the discrepancy. We have already seen that an isoscalar 

vector current cannot produce strong threshold pion production without 

violating the upper bound on u(vPt p - vPt p) , so we need only examine the 

effect of an isoscalar axial-vector current. Assuming an isoscalar axial- 

vector form factor given by 

g,(k’) / gA(0) = (1 t k2/M$)-2 , (7) 

and neglecting the order q corrections (which we believe to be small), we 
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find that the isoscalar analog of Eqs. (4) and (6) is a bound80f 0.85 X 10-41cm2 

for the Argonne cross section in the first two bins. Hence barring the possi- 

btlity of much larger order q corrections than anticipated, 
10 

the current 

A(),” d oes not seem to be capable of resolving the discrepancy. In the 

detailed paper describing this work we will present a search of the 4-param- 

eter space obtained by including the simple Weinberg-Salam, isoscalar vector 

and isoscalar axial-vector currents simultaneously, but given the smallness 

of the bounds obtained above, we do not anticipate that the inclusion of inter- 

ference terms will appreciably change things. It appears that the Argonne 

results, if confirmed in subsequent experiments, are incompatible with any 

neutral current formed from the usual vector and axial-vector current nonets. 

This surprising conclusion suggests that the hadronic weak neutral 

interaction xnay involve unusual types of coupling. One possibility is that 

the interaction is of V, A type, but involves currents outside the usual quark 

model vector and axial-vector nonets. Another possibility, which has been 

raised in several recent papers, 
11 

IS that S, P and T type neutral couplings 

may be present. If we define S, P and T hadronic “currents” <,q,y 

and abstract their commutation relations from the quark model forms 

T .= GAj4, T5 = Ti$ hjy5q * p\“” = ;+ *.$lq, 
J J J 

(8) 

then the commutator term appearing in the soft pion analysis above will 

hav; SU(3) D- rather than F-type structure. This will substantially alter 

the structure of the low energy theorems (for instance, the commutator 



-8- 

term no longer will vanish for an isoscalar neutral current), and may permit 

strong threshold pion production without violating the experimental bounds on 

neutrino proton elastic scattering. 

1 wish to thank S. F. Tuan for stimulating discussions about the 

structure of neutral currents, and S. B. Treiman for many helpful critical 

comments in the course of this work. I have also benefited from discussions 

with R. F. Dashen, S. D. Drell, W. Y. Lee, E.A. Paschos. P. Schreiner, and 

S. Weinberg. 
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FIGURE CAPTIONS 

Figure 1. Comparison of the Weinberg-Salam model (for x = 0. 35) with 

the Argonne neutral current. data. Each event represents an 

Argonne flux-averaged cross section of 4.4 X 10 
-41 cm2 

Figure 2. Comparison of the extended pion production model with the 

Argonne charged current data. Each event represents an 

Argonne flux-averaged cm88 section of 2.3 X 10 
-41 cm2 
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